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THE PHOTODYNAMIC ACTION OF NEUTRAL RED ON RABBIT BASOPHILS*
ARTHUR L. NORINS, MI). AND WILLIAM M. GOULD, MI).
When certain photosensitizing compounds are
added to a variety of biological systems, subse-
quent exposure to visible light produces structural
and functional changes in the biological system.
These changes constitute a hotodynamic effect.
After cells in tissue culture have been subjected
to the photodynamic action of compounds, cyto-
toxic alterations such as nuclear fragmentation
and blister cytolysis occur (1, 2).
Neutral red is a phenazine dye which has been
used as an indicator substance because of its
color change with pH shift, and also as a vital
stain. It has recently been suggested that it be
used as a stain in the basophil degranulation or
depletion test (3). In this test, the depletion of
the stained cytoplasmic granules of rabbit
hasophils is the proposed endpoint of an in vitro
antigen-antibody reaction.
The following studies have been made to de-
termine if rabbit hasophils stained with neutral
red are affected by exposure to light.
METHODS
The details of the basophil test are well de-
scribed by Shelley (3). Antigen and antibody are
added to a neutral red stained slide on which a
drop of rabbit leukocytes has been placed. We
have used the same basic procedure, but have not
added the antigen and antibody inasmuch as our
primary purpose has been to study the effect of
light on stained basophils. Heparinized blood from
the lateral ear vein of albino New Zealand rabbits
was drawn up into small gauge polyethylene tubes
which were centrifuged (International Hemato-
crit Centrifuge, Model MH) for a short period in
order to obtain a distinct buffy coat. The basophils
were recovered by clamping the polyethylene tube
on each side of the buffy coat with a hemostat and
cutting the tube with a razor blade. Glass slides
were pre-stained with neutral red. The small drop
of rabbit plasma containing the buffy coat was
then placed on the slide and overlaid with a cover
slip edged with petrolatum. On microscopic
examination the cytoplasmic granules of the baso-
phils were fouid to he stained with the neutral
red within three minutes.
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These slide preparations were then subjected to
conditions designed to determine the effect of
light upon the system. Some were exposed to the
white light from two fluorescent tubes (General
Electric 15 watt, cool white fluorescent, F 15 T8
CW) at a distance of 15 centimeters for measured
time intervals. An infra-red absorber (water filter)
was used to eliminate the effect of heat upon the
system. An acidified solution of neutral red (0.02%
concentration, 5 mm thick in a glass well) was
interposed as a filter during some of the tests. To
determine the effect of the passage of time, other
slide preparations were incubated in the dark for
periods of from five to ninety minutes with no
period of light exposure.
The consequence of altering ambient tempera-
ture was noted by carrying out some of the ex-
periments at 4°C and others at 37°C.
Another group of slide preparations was studied
to determine the effect of light on plasma by plac-
ing a drop of rabbit plasma on a neutral red stained
slide, exposing this to light for varying periods of
time, and then adding a drop of bully coat before
viewing through the microscope.
The possibility of an indirect photodynamic
action was also investigated by pre-irradiating a
neutral red stained slide for fifteen minutes and
then adding a drop of buffy coat prior to reading
the preparation microscopically. In this fashion
the effect of pre-irradiated neutral red on pre-
viously unexposed rabbit basophils was studied.
Finally, some of the preparations were designed
to test the effect of light on unstained basophils.
In these, a drop of the buffy coat was placed on a
cover slip, inverted over a moist chamber to pre-
vent drying out, and irradiated with white light
for periods of from 15 to 30 minutes. At the end of
this time, the cover slip was placed on a neutral
red stained slide and examined microscopically.
All preparations were studied microscopically
for a precise three minutes. Slides on which fewer
than ten basophils were counted in the three
minutes were discarded. Usually twenty to thirty
basophils were seen. These were classified as being
either normal or abnormal according to the criteria
listed by Shelley (3). The results were expressed
as the percentage of abnormal basopluils found.
RESULTS
Effect of White Light
Seventy-one slide preparations were exposed to
the white light for from fifteen to sixty minutes.
The average percentage of abnormal basophils
noted during the three minute counting period
was 66%. The averages for the 15 minute, 30
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minute and 60 minute exposure groups were ap-
proximately the same.
Effect of the Passage of Time
Thirty-nine slide preparations were incubated
in the dark for from five to ninety minutes before
being studied microscopically. There was no
period of light exposure. The average percentage
of abnormal basophils noted during the three
minute counting period was 5%.
Effect of Neutral Red Filter
Twenty-four slide preparations were exposed
to the white light, an aqueous solution of neutral
red dye being interposed as a filter between the
light source and the slide, for from fifteen to
thirty minutes. The average percentage of ab-
normal basophils noted during the three minute
counting period was 30%.
Other
Reducing the temperature of the slide prepara-
tions to approximately 4°C, or raising it to 37°C,
had no effect on the percentage of abnormal forms
seen.
Preparations designed to study a possible in-
direct photodynamic action (see Methods) of
neutral red disclosed no increase in the per-
centage of abnormal forms.
The irradiation of unstained cells did not result
in an increased percentage of abnormalities.
The irradiation of rabbit plasma on stained
slides led to no increase in abnormalities of
basophils placed on the slides subsequently.
DISCUSSION
Our results indicate that neutral red exerts a
photodynamic action on the basophil of the rab-
bit. This is not surprising in view of previous
studies which have shown the dye's ability to
produce photosensitive toxic changes in chick
embryo cell cultures (2) and in newts (4). We
have observed swelling, cell distortion, loss of
sphericity, rapid oscillation of granules and the
baring of a nucleus unclouded by cytoplasmic
granules in the neutral red stained basophils fol-
lowing irradiation with white light. A solution of
neutral red dye used as a filter has helped to
protect the basophils from these alterations, ap-
parently by removing those wave lengths of light
required for the photodynamic action of the dye
on the cells.
That the passage of time alone is not responsi-
ble for these cellular changes is seen from the
fact that incubation in the dark for periods as
long as ninety minutes has not been associated
with a high percentage of abnormal cells. Also,
our experiments using different ambient tempera-
tures indicate that this factor is not responsible
for the depletion of the basophils' granules.
It is important to note that the observed
cellular changes in the basophil are not specific
for photodynamic action. These changes are the
same as those which occur in other reactions in
which the basophil is presumably injured.
Evidently it is light which is the stimulus for
these cellular aberrations. The mechanism of the
photodynamic effect has been discussed most
recently by Bolande et al(S). They note two types
of photodynamic action. The direct type is ex-
emplified by cytotoxicity which "is produced by
concomitant irradiation of cells and photo-
sensitizer." In this effect, it is postulated that a
"continuous influx of light maintains a constant
high level of excited dye molecule (triplets)."
These in turn act on the cellular substrate and,
in the presence of oxygen, ultimately cause oxida-
tion of cellular protein with consequent cyto-
toxicity. We feel this to be the mechanism for the
cytotoxicity in our studies. Another type of
direct photodynamic action has been shown by
Bolande et al (6) to occur when serum is irradi-
ated after a dye has been added to it. It is in-
teresting that the irradiation of rabbit plasma has
not resulted in increased cellular abnormality in
our studies. The indirect type of photodynamic
action causes cytotoxicity "by the action of
preirradiated photosensitizer on previously un-
treated cells after cessation of irradiation." The
triplet molecules of dye created by irradiation are
short lived and very unstable. However, they can
be oxidized by molecular oxygen, and the re-
sulting oxidation products of the dye are thought
to be responsible for the indirect photodynamic
effect. We were unable to demonstrate this type
of action.
Because of the basophil depletion tests' po-
tential usefulness in detecting such things as drug
allergy and environmental allergy, we feel that it
should be studied further. However, in view of
the demonstrated photodynamic action of
neutral red, the various parts of the test should
be carried out with precautions to minimize all
unnecessary exposure to light. Viewing time under
the microscope should be reduced to that re-
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quired to count the basophils. The use of a
solution of neutral red as a filter will decrease the
exposure to the wave lengths involved in this
specific photodynamic effect, although discrimi-
nation of the basophils' nuances is made slightly
more difficult.
SUMMARY
1. Rabbit basophils were stained with neutral
red and then exposed to varying amounts of
white light. The preparations were then ex-
amined microscopically and the percentage of
abnormal cells determined.
2. A direct photodynamic action of neutral
red dye on rabbit hasophils was demonstrated.
This was partially blocked by the interposition
of a neutral red filter between the light source
and the stained cells.
3. The recommendation is made that further
studies on the basophil depletion test used for
the detection of drug allergy be carried out with
precautions to minimize exposure of the system
to light.
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